The calculation of the phase shift between current and voltage of the overhead lines by using the Telleggen's quasipower theorem by Goldstein, Efrem et al.
  
PROCEEDINGS 11-15 September 2006 
 
 
 
 
 
FACULTY OF ELECTRICAL ENGINEERING 
AND INFORMATION SCIENCE 
 
 
 
INFORMATION TECHNOLOGY AND 
ELECTRICAL ENGINEERING - 
DEVICES AND SYSTEMS, 
MATERIALS AND TECHNOLOGIES 
FOR THE FUTURE 
 
 
 
 
 
Startseite / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=12391 
51. IWK 
Internationales Wissenschaftliches Kolloquium 
International Scientific Colloquium 
Impressum 
 
Herausgeber: Der Rektor der Technischen Universität llmenau 
 Univ.-Prof. Dr. rer. nat. habil. Peter Scharff 
 
Redaktion: Referat Marketing und Studentische 
Angelegenheiten 
 Andrea Schneider 
 
 Fakultät für Elektrotechnik und Informationstechnik 
 Susanne Jakob 
 Dipl.-Ing. Helge Drumm 
 
Redaktionsschluss: 07. Juli 2006 
 
Technische Realisierung (CD-Rom-Ausgabe): 
 Institut für Medientechnik an der TU Ilmenau 
 Dipl.-Ing. Christian Weigel 
 Dipl.-Ing. Marco Albrecht 
 Dipl.-Ing. Helge Drumm 
 
Technische Realisierung (Online-Ausgabe): 
 Universitätsbibliothek Ilmenau 
  
 Postfach 10 05 65 
 98684 Ilmenau 
 
Verlag:  
 Verlag ISLE, Betriebsstätte des ISLE e.V. 
 Werner-von-Siemens-Str. 16 
 98693 llrnenau 
 
 
© Technische Universität llmenau (Thür.) 2006 
 
Diese Publikationen und alle in ihr enthaltenen Beiträge und Abbildungen sind 
urheberrechtlich geschützt. Mit Ausnahme der gesetzlich zugelassenen Fälle ist 
eine Verwertung ohne Einwilligung der Redaktion strafbar. 
 
 
ISBN (Druckausgabe): 3-938843-15-2 
ISBN (CD-Rom-Ausgabe): 3-938843-16-0 
 
Startseite / Index: 
http://www.db-thueringen.de/servlets/DocumentServlet?id=12391 
 
51st Internationales Wissenschaftliches Kolloquium 
Technische Universität Ilmenau 
 September 11 – 15, 2006 
E. Goldstein / N. Batseva, / I. Katz 
 
 
The calculation of the phase shift between current and 
voltage of the overhead lines by using the Telleggen's 
quasipower theorem 
 
 
Section 6: POWER ENGINEERING 
 
Analysis of various processes in three phase electric circuits is connected with control 
and measurement of a phase shift between a current and a voltage. 
However, well-known procedures of phase shift measurements have number of 
drawbacks such as complexity of realization and also additional equipment must be in 
use, therefore,  the application of Telleggen’s quasipower theorem for calculation of a 
phase shift between two signals, which have an equal frequency are discussed in this 
report. 
The Telleggen’s quasipower theorem have been widely adopted both linear and 
nonlinear, active and passive electric circuits, which are submitted to the Kirchhoff’s 
laws. It is important that the circuit’s power supply can be non-sinusoidal [1]. Moreover, 
currents and voltages, which don’t possibly exist in a circuit at the same time, can be 
accepted as input data for phase shift calculations. The equation (1) illustrates this 
statement: 
 ' " ' "p p a ai u i u ,× = ×å å  (1) 
where: currents 'pi and 'ai  are submitted to the first  Kirchhoff’s law; voltages "pu and "au  
are submitted to the second Kirchhoff’s law. 
The terms of an active ( P )&  and a reactive ( Q )&  quasipowers, which are calculated by 
means of data files of instantaneous values a(tj) and b(tj), are given in [2, 3, 4]. It was 
suggested to separate active ( P )&  and reactive ( Q )&  quasipowers [2, 3] and further 
calculate them by means of formulas (1, 2): 
 
(1) 
 
(2) 
where: a(tj) and b(tj) are data files of instantaneous values (3,4): 
 
(3) 
 
(4) 
here: T is a period of a signal, tD  is the step of discretization, N is number of 
fragmentations during the period of a signal. 
In whole, quasipowers P&  and Q&  are different from usual active P and reactive Q 
powers, which are used in the general electric engineering. It is supposed that P&  and Q&  
are vectors and the angle between them can be calculated by formulas (5,6,7) 
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where: A and B are active values of signals ja( t )  and jb( t )  (8): 
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Formulas (5), (6), (7) have been checked for analysis of processes in three-phase 
overhead lines. Moreover, data files of instantaneous values have been measured by 
means of digital recorder “Black Box“ (Russia). 
The voltage and current oscillograms for one of the high-voltage overhead line under 
both the steady state and the emergency (short circuit of the phase B) regimes are 
given in figure 1. The phase shifts between voltages and also between voltages and 
currents are shown in figure 1. Results were obtained by formulas (5), (6), (7) and 
compared with oscillographic results. All results are shown in table 1. In addition, there 
are special rules for angle calculations (9): 
 
(9) 
The phase shift test shows, that the phase shift between current and voltage of the 
damaged phase and neighbor phases changes in case of one - phase short circuit. 
Thererfore, this phenomena helped to develop a functional check system of a dead-
grounded neutral radial overhead line. 
The main task of this system is emergency detection, for instance, one phase and two 
phase short circuits or broken wire. 
The phase shift between current and voltage can be evaluated by means of statistical 
information concerning equivalent circuit parameters under different regimes. 
Results of the accuracy calculation were obtained by formula (10): 
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Where: %d  is fractional accuracy; d  is absolute accuracy; рf  is the phase shift, which 
was obtained by formulas (5), (6), (7); 0f  is the phase shift, which was measured by 
digital recorder “Black Box“. Results are shown in table 2. 
The values of inaccuracy can be explained by small data precision which were given by 
means of the graphical method of phase shift measurements. 
Results of this researches demonstrate that formulas (3), (4), (5) can be adopted both 
single-phase and three-phase circuits. This method of phase shift calculations between 
two signals can be realized by using a computer and a digital recorder. Results of these 
researchers can be used for the functional monitoring and protection systems of 
overhead lines, for creation of directional power relay and reactive power 
compensators.  
Table 1 
Calculated by formula P&  Q&  Angle, 
degree (6) (7) (8) 
Oscillogram dates 
106 106 
Regime 
f(Ua,Ub) 119,528 118,563 118,789 115 -8473 15420 
f(Ua,Uc) 237,824 238,571 238,365 230 -9191 14920 
f(Ua,Ia) -54,315 -55,804 -54,804 -56 10,97 -15,9 
f(Ua,Ib) 67,862 68,731 68,613 67 7,1 18,3 
f(Ua,Iс) 186,847 187,314 186,851 185 -19,6 -2,36 
f(Ub,Ib) -48,987 -49,889 -49,508 -48 12,96 -15,2 
f(Uc,Ic) -50,895 -51,773 -51,431 -48 12,41 -15,6 
Steady 
state 
f(Ua,Ub) 134,746 133,778 134,249 124 -6133 6296 
f(Ua,Uc) 240,835 241,988 241,727 230 -8201 -15250 
f(Ua,Ia) -15,578 -16,533 -15,649 -18 30,01 -8,4 
f(Ua,Ib) 179,222 177,558 179,221 163 -2613 -6,13 
f(Ua,Iс) 219,774 220,92 220,254 236 -7,46 -6,13 
f(Ub,Ib) 41,754 45,461 45,109 48 97,25 97,62 
f(Uc,Ic) -21,091 -22,825 -21,326 -20 9,5 -3,7 
Short circuit of 
the phase B 
 
 
Fig.1. – The voltage and current oscillograms of the overhead line under the steady 
state (a) and the emergency (short circuit of the phase B) (b) regimes  
 
 
 
 
 
Table 2 
 
Absolute accuracy of the 
phase shift calculation by 
formula: 
Fractional accuracy of the 
phase shift calculation by 
formula: 
Angle, 
degree 
(6) (7) (8) (6) (7) (8) 
Regime 
f(Ua,Ub) 4,528 3,563 3,789 3,94 3,098 3,295 
f(Ua,Uc) 7,824 8,571 8,365 3,4 3,726 3,637 
f(Ua,Ia) 1,685 0,196 1,196 3 0,35 2,136 
f(Ua,Ib) 0,862 1,731 1,613 1,287 2,584 2,407 
f(Ua,Iс) 1,847 2,314 1,851 0,998 1,251 1 
f(Ub,Ib) 0,987 1,889 1,508 2,056 3,935 3,142 
f(Uc,Ic) 2,895 3,773 3,431 6,031 7,86 7,148 
Steady 
state 
f(Ua,Ub) 10,746 9,778 10,249 8,666129 7,885 8,265 
f(Ua,Uc) 10,835 11,988 11,727 4,71087 5,212 5,099 
f(Ua,Ia) 2,422 1,467 2,351 13,45556 8,15 13,061 
f(Ua,Ib) 16,222 14,558 16,221 9,952147 8,933 9,952 
f(Ua,Iс) 16,226 15,08 15,746 6,875424 6,389 6,672 
f(Ub,Ib) 6,246 2,539 2,891 13,0125 5,289 6,023 
f(Uc,Ic) 1,091 2,825 1,326 5,455 14,125 6,63 
Short circuit of the 
phase B 
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